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Summary objectives To analyse coverage of childhood vaccinations in a rural South African population and
investigate whether maternal HIV status is associated with children’s vaccination status.
methods 2 431 children with complete information, 12–23 months of age at some point during the
period January 2005 through December 2006 and resident in the Africa Centre Demographic Surveil-
lance Area at the time of their birth were investigated. We examined the relationship between maternal
HIV status and child vaccination status for ﬁve vaccinations [Bacillus Calmette-Gue ´rin (BCG), diph-
theria-tetanus-pertussis (DTP3), poliomyelitis (polio3), hepatitis B (HepB3), and measles] in multiple
logistic regressions, controlling for household wealth, maternal age, maternal education and distances to
roads, ﬁxed and mobile clinics.
results Coverage of the ﬁve vaccinations ranged from 89.3% (95% CI 81.7–93.9) for BCG to 77.3%
(67.1–83.6) for measles. Multivariably, maternal HIV-positive status was signiﬁcantly associated with
lower adjusted odds ratios (AOR) of child vaccination for all vaccines [(AOR) 0.60–0.74, all P £ 0.036]
except measles (0.75, P = 0.073), distance to mobile clinic was negatively associated with vaccination
status (all P £ 0.029), household wealth was positively (all P £ 0.013) and distance to nearest road
negatively (all P £ 0.004) associated with vaccination status.
conclusion Positive maternal HIV status independently reduces children’s probability to receive child
vaccinations, which likely contributes to the morbidity and mortality differential between children of
HIV-positive and HIV-negative mothers. As a means of increasing vaccination coverage, policy makers
should consider increasing the number of mobile clinics in this and similar communities in rural Africa.
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Background
Child vaccinations are among the most cost-effective
public health interventions (Armstrong 2007). Globally,
vaccinations have led to reduced morbidity (Ekanem et al.
2000; Edwards 2005; Ghendon et al. 2006) and mortality
(Creese & Henderson 1980; Ekanem et al. 2000; Whitney
& Pickering 2002) in children. Nevertheless, child vacci-
nation coverage, especially in developing countries, is still
far from universal, leading to preventable mortality.
According to the World Health Organization (WHO),
childhood vaccinations could have prevented an estimated
2.9 million deaths in children in 2007 (WHO-UNICEF
2007). In South Africa, in 2003 coverage of measles
vaccination was 62% in children aged 12–23 months and
thus fell far short of the 90% target for measles coverage
set by the national Department of Health (Department of
Health 2005); coverage with polio3 was 65% and thus fell
short of the benchmark of 80% recommended by WHO to
achieve polio eradication (WHO⁄AFRO 2003).
Factors that are determinants of childhood vaccination
are maternal age (Breiman et al. 2004), maternal education
(Streatﬁeld et al. 1990; Madise & Matthews 1999; Anand
&B a ¨rnighausen 2007; Ibnouf et al. 2007; Munthali 2007),
distance to health care facilities (Guerin 1998; Reichler
et al. 1998; Buor 2003; Ndiritu et al. 2006) and household
wealth (INDEPTH NETWORK; Defo 1996). It is unclear
whether mothers’ HIV status is associated with children’s
*Re-use of this article is permitted in accordance with the Terms
and Conditions set out at http://www3.interscience.wiley.com/
authorresources/onlineopen.html.
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ª 2009 Blackwell Publishing Ltd 1383vaccination status. A study conducted in pregnant women
attending Voluntary Counseling and Testing (VCT) in
Rakai, Uganda, found that children born to HIV-infected
mothers were two times less likely to be vaccinated in the
ﬁrst year of life than children born to HIV-negative
mothers (Mast et al. 2006). However, the ﬁndings from
this study may not apply to other populations. People
self-select to attend VCT and thus commonly differ
from the general population in many characteristics,
including health-seeking behaviour and HIV status
(Eley 2008).
The relationship between a mother’s HIV status and
vaccination status of her children will be especially
important for population child health in countries with
high HIV prevalence, such as South Africa (Shisana et al.
2005). The risk of mortality is increased for all children
born to HIV-positive mothers irrespective of their own
HIV status (Sewankambo et al. 2000; Urassa et al. 2001;
Nakiyingi et al. 2003; Newell et al. 2004). One reason for
this increased mortality may be that children born to HIV-
positive mothers are less likely to receive routine childhood
vaccinations. HIV-positive mothers may be too weak or
too poor to bring their children to vaccination clinics (Mast
et al. 2006; Eley 2008) or they may be reluctant to access
primary health care clinics for fear of stigma (Aggleton &
Parker 2002). HIV infection may also be an indicator of
relatively high tolerance of health risks in general, and
mothers who are more tolerant of risks to their own health
may be less motivated to ensure that their children receive
risk-reducing interventions, such as vaccinations (Mast
et al. 2004).
We use data from a large demographic surveillance in
rural KwaZulu-Natal, South Africa to analyse coverage of
childhood vaccinations and to investigate the relationship
between maternal HIV status and child vaccination status.
Methods
Study area
The Africa Centre Demographic Surveillance Area (DSA),
in Umkhanyakude district of northern KwaZulu-Natal,
South Africa, covers 438 km
2 and a total population of
87 000 (Muhwava & Nyirenda 2007) in 11 000 house-
holds enumerated twice a year since 2000 (Tanser et al.
2008, 2009). The area includes a formally designated
urban township, peri-urban areas, and rural areas (Tanser
et al. 2001). All homesteads in the study area have been
mapped by ﬁeldworkers using differential global position-
ing systems (GPS) and the homesteads database is contin-
uously updates as new homesteads are built (Tanser et al.
2001).
The community has high HIV prevalence,
approximating 40% in women attending antenatal
clinics (Wilkinson et al. 1999; Rice et al. 2007). In the
sub-district, the health service infrastructure comprises
a central community hospital, 16 ﬁxed clinics and 31
mobile clinic points (which are visited twice a month)
(Tanser et al. 2001). The mobile clinics offer childhood
vaccination in addition to family planning advice and
antenatal care.
Sample inclusion criteria
Our sample includes 2431 children who met the following
criteria: 12–23 months of age at some point in time during
the period of data collection from January 2005 through
December 2006; resident in the Africa Centre Demo-
graphic Surveillance Area; their mothers were registered in
the Africa Centre Demographic Information System
(ACDIS) at the time of birth of the child.
Survey methods
Trained interviewers visited households and administered a
standardised questionnaire in the local language, isiZulu
(Africa Centre for Health and Population Studies; Tanser
et al. 2008). Women were asked to show the interviewers
the South African Road-To-Health (RTH) card for all
children aged 12–23 months at the time of the surveillance
visit. The RTH card includes dates of all routine vaccina-
tions a child has received (Tarwa & De Villiers 2007).
When a child’s RTH card was missing, the interviewers
asked the mother to recall whether her child had received
each of the vaccinations included in the South African
National Immunization schedule (Department of Health).
This approach is similar to that used by the Demographic
and Health Surveys (DHS) eliciting child vaccination status
(Demographic and Health Surveys 2008). Langsten and
Hill (1998) demonstrated in a study in Egypt that mothers’
recall can be an accurate source of children’s vaccination
status.
For maternal HIV status, we used data from an annual
population-based HIV surveillance in the Africa Centre
DSA. All women aged 15–49 and men aged 15–54 years of
age resident in the DSA were eligible for HIV testing in the
surveillance. Trained ﬁeld workers visited each eligible
individual in his or her household. After written informed
consent, the ﬁeld worker collected blood by ﬁnger prick
and prepared dried blood spots for HIV testing according
to the Joint United Nations Programme on HIV⁄AIDS
(UNAIDS) and the WHO guidelines (Africa Centre for
Health and Population Studies; Ba ¨rnighausen et al. 2007;
Tanser et al. 2008). The consent rate observed in the
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which is roughly similar to the rate observed in other
studies in KwaZulu-Natal (Shisana et al. 2005; Welz et al.
2007). Possible reasons for non-consent to participation in
the HIV surveillance include survey fatigue and knowledge
of HIV status from voluntary testing and counseling in the
public health services freely available to members of this
community.
Vaccination coverage analysis
We counted as vaccinated all children who had received all
the doses of a speciﬁc vaccine as required by the South
African National Immunization Schedule (Department of
Health 1998): one vaccine dose Bacillus Calmette-Gue ´rin
(BCG) and measles, three doses in the case of diphtheria-
tetanus-pertussis (DTP), poliomyelitis (polio), and Hepa-
titis B (HepB). The Immunization Schedule (Department of
Health 1998) recommends the following ages for these
vaccinations: at birth (BCG), at about 9 months of age
(measles), at 6, 10 and 14 weeks of age (DTP1-3, polio1-3,
and HepB1-3). Vaccination coverage was calculated as
follows: the numerator was the number of children aged
12–23 months at the time of the survey who had received
speciﬁed vaccine(s), at any time before the survey,
according to information from a RTH card or report by the
mother. The denominator was the total number of children
aged 12–23 months at the time of the survey. This is a
standard deﬁnition of vaccination coverage used, for
instance, by the DHS (Demographic and Health Surveys
2008).
Aggregate levels of vaccination coverage can be
potentially misleading as an indicator of programme
effectiveness if there is substantial geographical hetero-
geneity in vaccination coverage within a population. We
therefore sought to analyse the geographical variation in
vaccination coverage across the study area to identify
any low coverage communities for possible further
intervention. We selected DTP3 coverage as a key
coverage indicator because it is commonly used to monitor
child health interventions (Murray et al. 2003; Murray &
Stein 2009). To produce robust estimates of DTP3
coverage that vary across continuous geographical space
we used a Gaussian kernel method (Waller & Gotway
2004) as described by Tanser et al. (2009). All 2 293 (94%
of the sample) of children who had a valid homestead
identiﬁer were geolocated in a geographical information
system to an accuracy of <2 m and subjected to a 3 km
Gaussian kernel. The results were then used to subdivide
the study area into areas of equal DTP3 vaccination
coverage according to the WHO classiﬁcation of levels of
DTP3 coverage (WHO 2003).
Statistical analysis
We used logistic regression analyses to assess associations
with child vaccination status. All analyses were performed
in stata (Version 10; Stata Corporation, College Station,
TX, USA).
In multivariable regressions, we included several vari-
ables whose associations with child vaccination are well
documented, namely, maternal education (Streatﬁeld et al.
1990; Joshi 1994; Breiman et al. 2004; Torun & Bakirci
2006; Anand & Ba ¨rnighausen 2007), maternal age (Brei-
man et al. 2004), access to health facilities (Reichler et al.
1997; Muller et al. 1998) and household wealth
(INDEPTH NETWORK; Cui & Goﬁn 2007). In order to
capture access to health facilities, we used three distance
variables (distance to mobile clinic, ﬁxed clinic and nearest
road) as continuous variables, measured in kilometers.
As mother’s HIV status, we took the result of each
mother’s HIV test in the surveillance, taken closest in time
to the date of birth of her child included in our sample.
About half (52%) of the children sampled had mothers
who had not received an HIV test within the Africa Centre
HIV surveillance. To deal with this group of children
missing maternal HIV, we included these children in our
sample, assigning the variable ‘‘maternal HIV status’’ the
value ‘‘unknown’’. In addition, we ran separate regression
analyses excluding children of mothers with missing HIV
status.
We measured household wealth with a household wealth
index. As shown by Morris et al. (2000), household wealth
indices are valid proxies for wealth in health surveys in
rural Africa. Following Filmer and Pritchett (Smith 2002),
we used as wealth index the ﬁrst principal component
obtained in a principal component analysis of information
on house ownership, water source, energy, toilet type,
electricity and 27 household assets. We categorised
households as used in a number of studies in poor
provinces of South Africa (Gyekye & Akinboade 2003; van
der Berg & Louw 2004), including studies investigating the
effect of wealth on health (Blaauw & Penn-Kekana 2002;
Booysen 2002; Ba ¨rnighausen et al. 2007).
Results
Of the 2669 children resident in the Africa Centre DSA at
birth and aged 12–23 months at the time of the interview,
151 (5.6%) had mothers who were not resident in the
DSA, while for 87 (3.5%) information on distance to roads
and clinics was missing. Our ﬁnal sample for analysis thus
included 2431 children, i.e. 91% of the total of 2669
children. A RTH card was available for 44% of the
children included in our sample; for the remainder
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recall. The median age of mothers was 24 years (IQR 13–
54) with 11% HIV-positive, 37% HIV-negative and 52%
of unknown HIV status (Table 1).
Children were excluded from the analysis for one of two
reasons: if they did not have information on the three
geographic variables (distance to mobile clinic, ﬁxed clinic
and nearest road), or if their mothers were not resident in
the DSA at the time of their birth. None of the children
were excluded for both reasons. We compared the children
who were included in the analysis to the children who were
excluded because of the ﬁrst reason and, separately, to the
children excluded because of the second reason. No
signiﬁcant differences were found between any of the
groups in maternal HIV status (P = 0.573), household
wealth index (P = 0.915), distance to the nearest mobile
clinic (P = 0.949), distance to the nearest road (P = 0.964),
distance to the nearest mobile clinic (P = 0.949) and
distance to the nearest road (P = 0.964). Compared to
mothers who consented to an HIV test within the surveil-
lance, mothers who did not consent were from wealthier
households, had higher education levels and were older
(Table 1).
Vaccination coverage was highest for BCG (89.3%,
95% conﬁdence interval (CI) 81.7–93.9) and lowest for
measles vaccine (77.3%, 95% CI 67.1–83.6). The other
vaccination coverages were 87.3% for polio3 (95% CI
79.4–92.5), 84.9% for DTP3 (95% CI 76.6–90.6), and
81.7% for HepB3 (95% CI 73.0–88.1). There was marked
geographic variation in DPT3 coverage ranging between
17.8% and 97.8% (overall mean = 84.1, 95% CI 75.7–
89.9) (Figure 1).
In univariable analysis, there was evidence for an
association between maternal HIV status and child vacci-
nation status. The unadjusted odds ratios (OR) of maternal
HIV status on individual vaccinations were 0.62 for BCG
(95% CI: 0.41–0.94), 0.73 for polio3 (0.56–0.97), 0.73 for
DTP3 (0.56–0.96), 0.74 for HepB3 (0.56–0.97) and 0.78
for measles (0.57–1.06) (Table 2). Living a closer distance
to the mobile clinic was associated with higher odds of
being vaccinated with BCG, polio3, DTP3 and HepB3.
Relative household wealth was associated with higher odds
of being vaccinated with measles but lower odds of being
vaccinated with polio3, DTP3 and HepB3. Maternal age,
maternal education, distance to ﬁxed clinic and distance to
nearest road were not associated with completed status for
any of the vaccines (Table 2).
When controlling for household wealth, maternal age,
maternal education, distance to the nearest mobile clinic,
distance to the nearest ﬁxed clinic, and distance to the
nearest road in multivariable analysis, children born to
HIV-positive mothers had lower adjusted odds ratio
(AOR) of having received the vaccinations than children of
HIV-negative mothers: 0.60 for BCG (95% CI 0.39–0.92),
0.74 for polio3 (0.55–0.97), 0.74 for DTP3 (0.55–0.98),
0.74 for HepB3 (0.56–0.98) and 0.75 for measles
Table 1 Maternal and child characteristics of the study population
Variable
HIV-positive mothers
(n = 275)
HIV-negative mothers
(n = 890)
HIV status unknown
(n = 1 266) P-value
Wealth index
Poorest 113 (41.1%) 383 (43.0%) 378 (29.9%) <0.001
Medium 96 (34.9%) 347 (38.9%) 425 (33.6%)
Wealthiest 50 (18.2%) 111 (12.5%) 277 (21.9%)
Missing 16 (5.8%) 49 (5.6%) 186 (14.6%)
Maternal age (years)
<20 36 (13.1%) 290 (32.6%) 239 (18.9%) <0.001
20–29 149 (54.2%) 367 (41.2%) 599 (47.3%)
>=30 90 (32.7%) 233 (26.2%) 428 (33.8%)
Maternal education (years)
Primary education 74 (26.9%) 217 (24.4%) 255 (20.1%) <0.001
Secondary education 167 (60.7%) 612 (68.8%) 761 (60.1%)
Tertiary education and above 4 (1.5%) 13 (1.4%) 73 (5.8%)
Missing 30 (10.9%) 48 (5.4%) 177 (14.0%)
Child sex
Female 135 (49.1%) 449 (50.5%) 631 (49.8%) 0.916
Male 140 (50.9%) 441 (49.5%) 635 (50.2%)
Median distance to ﬁxed clinic (IQR) km 2.6 (1.6–4.1) 3.1 (1.8–4.5) 2.8 (1.4–4.1) 0.002
Median distance to mobile Clinic (IQR) km 6.4 (3.3–8.7) 5.7 (3.4–7.7) 5.9 (3.2–8.2) 0.308
Median distance to primary road (IQR) km 1.6 (0.7–2.5) 1.7 (0.8–2.7) 1.5 (0.7–2.8) 0.031
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with unknown HIV status ranked between the size of the
AOR for HIV-positive and HIV-negative mothers. This
ranking is expected since the group of mothers with
unknown HIV status will include both HIV-positive and
HIV-negative mothers. Holding all other variables con-
stant, an increase in the distance to the nearest mobile
clinic by 1 km decreased the odds of having received a
vaccination by between 5% and 9% (all P £ 0.029). Net of
the other factors in the regression, children who live in
households belonging to highest wealth tertile had signif-
icantly higher odds of having received BCG and measles
vaccination than children living in poorer households
[AOR 1.79 (1.12–2.84) and 1.59 (1.15–2.19), respectively]
while an increase in distance to the nearest road showed
evidence for an association with lower odds of receiving
polio3, DTP3, and HepB3 vaccinations (6–7% reduction,
all P £ 0.004). All else being equal, maternal age, maternal
education, and distance to ﬁxed clinic showed no evidence
for an association with child vaccination status.
The main regression results are robust to the exclusion
of individuals with mothers with unknown HIV status.
None of the AOR changed by more than 5%. In particular,
the AOR of maternal HIV status on individual vaccinations
were 0.60 for BCG (95% CI 0.39–0.93), 0.72 for OPV3
(0.54–0.97), 0.72 for DTP3 (0.54-0.96), 0.72 for HepB3
(0.54-0.96) and 0.76 for measles (0.55–1.05). Further, the
main results remained robust to the exclusion of
individuals with missing data on wealth or maternal
education. Particularly, the AOR of maternal HIV status
on individual vaccinations were 0.54 for BCG (95% CI
0.34–0.85), 0.67 for OPV3 (0.49–0.92), 0.68 for DTP3
(0.50–0.92), 0.67 for HepB3 (0.49–0.92) and 0.71 for
measles (0.51–0.99).
White crosses = Mobile clinics, Red crosses = Fixed clinics
0 4 8
Kilometres
Mtubatuba
Coverage (%)
>90
80–90
70–80
60–70
<60
KwaMsane
Figure 1 DTP3 vaccination coverage in
rural KwaZulu-Natal.
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We have shown high coverage of childhood vaccination in
the Africa Centre DSA ranging from 89.3% for BCG to
77.3% for measles with marked geographic variation of
DTP3 in the population (mean ranging from 17.8% to
97.8%). The children born to HIV-positive mothers in the
DSA are signiﬁcantly less likely to receive routine child-
hood vaccinations in the ﬁrst year of life than children born
to HIV-negative mothers, when controlling for maternal
age, household wealth, and distance to mobile clinics, ﬁxed
clinics and nearest road. The lower likelihood of vaccina-
tion coverage adds to other disadvantages children of HIV-
positive mothers are likely to experience (Newell et al.
2004; Mast et al. 2006).
Several pathways can explain the relationship between
mothers’ HIV status and children’s vaccination status.
A mother who is HIV-positive will be more likely to suffer
from disease and may be physically weaker than an HIV-
negative mother (Keogh et al. 1994). She may thus ﬁnd it
more difﬁcult to take her child to a vaccination clinic. HIV-
related disease and weakness are likely to mediate of the
effect of maternal HIV status on child vaccination status in
this community, because walking is the most common
mode of transport to health care clinics. About two-thirds
of the population walk to clinics, and of those who walk
Table 2 Unadjusted odds of vaccination among children aged 12–23 months in rural KwaZulu-Natal
Variable
BCG
OR
95% CI
P-value
Polio3
OR
95% CI
P-value
DTP3
OR
95% CI
P-value
HepB3
OR
95% CI
P-value
Measles
OR
95% CI
P-value
Maternal HIV status
Negative 1.00 1.00 1.00 1.00 1.00
Unknown 0.74 (0.57–1.03) 0.84 (0.70–1.01) 0.85 (0.72–1.02) 0.84 (0.71–1.01) 0.88 (0.72–1.08)
0.073 0.060 0.083 0.061 0.221
Positive 0.62 (0.41–0.94) 0.73 (0.56–0.97) 0.73 (0.56–0.96) 0.74 (0.56–0.97) 0.78 (0.57–1.06)
0.024 0.028 0.027 0.029 0.111
Wealth index
Poorest 1.00 1.00 1.00 1.00 1.00
Medium 0.93 (0.69–1.25) 0.78 (0.65–0.96) 0.79 (0.66–0.97) 0.80 (0.66–0.97) 1.12 (0.90–1.39)
0.613 0.017 0.022 0.025 0.306
Wealthiest 1.28 (0.86–1.91) 0.76 (0.60–0.96) 0.77 (0.61–0.97) 0.78 (0.62–0.99) 1.35 (1.02–1.77)
0.215 0.022 0.028 0.047 0.035
Missing 1.27 (0.78–2.06) 0.89 (0.66–1.19) 0.86 (0.65–1.16) 0.88 (0.66–1.18) 1.53 (1.08–2.18)
0.337 0.433 0.329 0.408 0.017
Maternal age (years)
<20 1.00 1.00 1.00 1.00 1.00
20–29 1.12 (0.81–1.55) 1.08 (0.88–1.33) 1.07 (0.87–1.32) 1.09 (0.88–1.34) 1.14 (0.90–1.45)
0.488 0.468 0.493 0.429 0.263
>=30 1.10 (0.78–1.56) 1.05 (0.84–1.32) 0.98 (0.79–1.23) 1.03 (0.82–1.28) 1.04 (0.81–1.34)
0.586 0.666 0.900 0.803 0.763
Maternal education (years)
Primary education 1.00 1.00 1.00 1.00 1.00
Secondary education 0.89 (0.64–1.24) 0.97 (0.79–1.19) 0.97 (0.79–1.19) 1.01 (0.83–1.24) 1.16 (0.92–1.45)
0.485 0.817 0.803 0.910 0.202
Tertiary education and
above
0.93 (0.44–1.96) 1.03 (0.65–1.64) 1.01 (0.64–1.61) 0.99 (0.63–1.57) 1.22 (0.71–2.08)
0.843 0.897 0.952 0.966 0.467
Missing 0.63 (0.39–0.99) 0.73 (0.54–0.98) 0.70 (0.52–0.95) 0.73 (0.54–0.99) 1.21 (0.85–1.72)
0.044 0.038 0.022 0.042 0.289
Distance to mobile
Clinic (km)
0.96 (0.92–0.99) 0.93 (0.91–0.96) 0.93 (0.90–0.95) 0.93 (0.90–0.96) 0.98 (0.95–1.01)
0.045 <0.001 <0.001 <0.001 0.265
Distance to ﬁxed Clinic (km) 1.04 (0.97–1.01) 1.05 (1.01–1.09) 1.05 (1.01–1.09) 1.04 (1.00–1.09) 1.00 (0.95–1.05)
0.315 0.023 0.018 0.040 0.927
Distance to nearest road (km) 0.98 (0.93–1.05) 0.98 (0.94–1.02) 0.97 (0.94–1.01) 0.98 (0.94–1.02) 0.97 (0.93–1.01)
0.661 0.261 0.217 0.285 0.122
OR, unadjusted odds ratio; CI, conﬁdence interval.
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Variable
BCG
AOR
95% CI
P-value
Polio3
AOR
95% CI
P-value
DTP3
AOR
95% CI
P-value
HepB3
AOR
95% CI
P-value
Measles
AOR
95% CI
P-value
Maternal HIV Status
Negative 1.00 1.00 1.00 1.00 1.00
Unknown 0.72 0.85 0.86 0.85 0.80
0.53–0.98 0.70–1.02 0.72–1.05 0.71–1.03 0.65–0.99
0.037 0.089 0.144 0.090 0.044
Positive 0.60 0.74 0.74 0.74 0.75
0.39–0.92 0.55–0.97 0.55–0.98 0.56–0.98 0.55–1.03
0.019 0.034 0.036 0.036 0.073
Wealth index
Poorest 1.00 1.00 1.00 1.00 1.00
Medium 1.08 0.88 0.91 0.90 1.21
0.78–1.49 0.72–1.09 0.73–1.12 0.73–1.11 0.95-1.53
0.642 0.249 0.355 0.334 0.117
Wealthiest 1.79 0.96 0.99 1.01 1.59
1.12–2.84 0.73–1.27 0.76–1.32 0.77–1.34 1.15–2.19
0.013 0.774 0.995 0.933 0.005
Missing 1.47 0.93 0.89 0.92 1.57
0.89–2.46 0.68–1.26 0.66–1.22 0.68–1.25 1.09–2.26
0.134 0.631 0.498 0.600 0.016
Maternal age (years)
<20 1.00 1.00 1.00 1.00 1.00
20–29 1.20 1.12 1.11 1.12 1.18
0.86–1.68 0.90–1.38 0.89–1.38 0.91–1.39 0.93–1.51
0.276 0.312 0.337 0.286 0.173
>=30 1.13 1.08 1.00 1.06 1.09
0.78–1.63 0.85–1.37 0.79–1.27 0.84–1.35 0.84–1.42
0.521 0.529 0.997 0.605 0.515
Maternal education
None 1.00 1.00 1.00 1.00 1.00
Primary education 0.83 0.97 0.94 0.99 1.07
0.58–1.18 0.78–1.21 0.76–1.17 0.80–1.24 0.84–1.37
0.297 0.802 0.593 0.974 0.556
At least secondary education 0.79 1.12 1.09 1.05 1.07
0.37–1.72 0.69–1.82 0.68–1.77 0.65–1.70 0.62–1.86
0.561 0.646 0.715 0.823 0.804
Missing 0.63 0.79 0.75 0.79 1.19
0.39–1.02 0.58–1.08 0.55–1.03 0.57–1.08 0.83–1.73
0.058 0.141 0.078 0.139 0.328
Distance to mobile Clinic (km) 0.93 0.92 0.91 0.91 0.95
0.88–0.98 0.89–0.95 0.88–0.94 0.88–0.95 0.92–0.99
0.018 <0.001 <0.001 <0.001 0.029
Distance to ﬁxed clinic (km) 1.02 0.99 0.99 0.99 1.02
0.94–1.11 0.95–1.05 0.95–1.05 0.94–1.04 0.96–1.08
0.662 0.982 0.953 0.730 0.601
Distance to nearest road (km) 0.97 0.93 0.911 0.94 0.96
0.91–1.03 0.89–0.98 0.88–0.94 0.89–0.98 0.91–1.00
0.292 0.003 0.001 0.004 0.065
Sample size 2431 2431 2431 2431 2431
Log likelihood )806.33 )1583.61 )1590.98 )1591.95 )1316.93
Likelihood ratio test - chi2 23.83 46.61 52.74 48.86 23.52
p-value chi2 0.0327 <0.0001 <0.0001 <0.0001 0.0358
Pseudo R2 0.0146 0.0145 0.0163 0.0151 0.0089
AOR, adjusted odds ratio; CI, conﬁdence interval.
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clinic (Tanser et al. 2006). HIV-positive mothers may also
be less likely than HIV-negative mothers to bring their
children to health care clinics to receive vaccinations
because they have to spent time and resources accessing
antiretroviral treatment (ART) and seeking care for HIV-
associated diseases which are then not available to take
their children to vaccination clinics.
In previous studies in developing countries, distance to
primary health care facilities signiﬁcantly predicted vacci-
nation status (Muller et al. 1998; Torun & Bakirci 2006).
We ﬁnd that, ceteris paribus, distance to the nearest mobile
clinic is signiﬁcantly associated with child vaccination
status, while distance to the nearest ﬁxed clinic is not. The
mobile clinics in this community provide only vaccinations
(and some antenatal care) while the ﬁxed clinics provide
comprehensive primary care, of which vaccinations are
only one small component. One reason why distance to the
ﬁxed clinics is not a signiﬁcant predictor of vaccination
status may thus be that mothers perceive mobile clinics to
be the best places for their children to receive vaccinations
and thus preferentially use mobile clinics for these vacci-
nation services.
Studies from Africa have found a positive relationship
between socio-economic status and vaccination status
(INDEPTH NETWORK 2005; Ndiritu et al. 2006). In
this study, we ﬁnd that children belonging to the
wealthiest households have improved vaccination out-
comes for those routine childhood vaccines that are given
only once (BCG and measles vaccinations) but that
household socioeconomic status does not affect children’s
probability to receive complete coverage with those
vaccines that are given three times (polio3, DTP3 and
HepB3). Children belonging to wealthier households may
be more likely to have their vaccination coverage
checked and to receive missing doses of vaccines when
attending a health care facility than children of poorer
households. While such a differential in quality of care
by household socioeconomic status may signiﬁcantly
improve children’s likelihood to receive single-dose vac-
cinations, for the three-dose vaccinations the effect may
be dominated by other factors determining child care
(maternal HIV status, distance to the nearest mobile
clinic, and distance to the nearest road).
In this largely rural area, mothers’ education and age
were not signiﬁcantly associated with vaccination status
for any of the vaccinations. This ﬁnding is in contrast to
other studies, which emphasize the importance of maternal
education (Caldwell 1979; Streatﬁeld et al. 1990; Joshi
1994; Munthali 2007) and maternal age (Breiman et al.
2004) on childhood vaccination status. One possible
explanation of this ﬁnding may be the high attendance of
antenatal care in this community estimated at 99% (Hoque
et al. 2008). During antenatal care visits mothers receive
information about the need to have their children vacci-
nated. The high antenatal care coverage may thus eliminate
a knowledge advantage regarding prevention interventions
for children that may be associated with maternal educa-
tion in other communities. Future analysis need to test this
hypothesis.
Our study has several possible limitations. First, the HIV
status of a large proportion of mothers was missing.
However, our main ﬁndings are robust to exclusion of
individuals with mothers whose HIV status was not
measured in the HIV surveillance, strengthening the
conﬁdence in our main result, i.e. that maternal HIV status
is associated child vaccination status. Second, a large
proportion of vaccination data was based on mother’s
recall, which could suffer from biases (recall bias, if
mothers report vaccinations their children have not
received). This could over-estimate the true vaccination
coverage. Third, we do not have information on children’s
HIV status and thus cannot directly control for it in our
analyses. However, a large proportion (35%) of HIV-
positive children would have died before their ﬁrst birthday
(Newell et al. 2004) and thus been excluded from our
sample. Lastly, the study was conducted in 2005 and 2006,
i.e. at a time when ART coverage in this area was low
(Herbst et al. 2009) – the relationship between HIV status
and vaccination status could be different in an area with
high ART coverage.
While overall vaccination coverage in this community is
high, there is substantial need for improvement. For all
vaccinations, we ﬁnd geographical subareas with low
vaccination coverage. For instance, while DTP3 coverage is
overall high (at 85%), it falls below 60% in one third of
the study area. At 77% overall measles coverage is below
the level needed for herd immunity (which is estimated at
93–95%; Nokes & Swintom 1997). The ﬁndings from our
study suggest that future interventions to improve vacci-
nation coverage need to take into account the relationship
between maternal HIV status and childhood vaccination
status. At the community level, health policy makers
should consider intensiﬁed vaccination efforts in high HIV-
prevalence areas. At the individual level, interventions
targeting HIV-positive mothers and their children should
incorporate vaccination promotion.
Acknowledgements
Wearegratefulforcontinueddedicationoftheﬁeld,laband
data management staff at the Africa Centre. We are also
grateful to Colin Newel who assisted with data extraction
for this study. The population-based HIV survey and Africa
Tropical Medicine and International Health volume 14 no 11 pp 1383–1393 november 2009
J. Ndirangu et al. Maternal HIV status and child vaccination
1390 ª 2009 Blackwell Publishing LtdCentre Demographic Information System (ACDIS) were
supported by Wellcome Trust grants no. 65377 and no.
50535 to the Africa Centre for Health and Population
Studies. We thank the INDEPTH NETWORK for their
ﬁnancial support in the course of JN’s study and University
of the Witwatersrand, South Africa, where this article was
presented as part of his Master’s degree dissertation.
References
Africa Centre for Health and Population Studies Datasets.
Vaccinations http://www.africacentre.ac.za/Portals/0/Datasets/
Core/Vaccinations.pdf. Accessed 18 November 2008.
Africa Centre for Health and Population Studies Research
programmes. Infectious Diseases Epidemiology. http://www.afri
cacentre.ac.za/Default.aspx?tab id=89. Accessed 30 October
2008.
Aggleton P & Parker R (2002) World AIDS campaign 2002–2003
– a conceptual framework and basis for action: HIV⁄AIDS
stigma and discrimination. Joint United Nations Programme on
HIV⁄AIDS. http://pdf.dec.org/pdf_docs/PNACP852.pdf.
Accessed 1 December 2008.
Anand S & Ba ¨rnighausen T (2007) Health workers and vaccina-
tion coverage in developing countries: an econometric analysis.
Lancet 369, 1277–1285.
Armstrong EP (2007) Economic beneﬁts and costs associated with
target vaccinations. Journal of Managed Care Pharmacy 13(7
Suppl B), S12–S15.
Ba ¨rnighausen T, Hosegood V, Timaeus IM & Newell ML (2007)
The socioeconomic determinants of HIV incidence: evidence
from a longitudinal, population-based study in rural South
Africa. AIDS 21(Suppl 7), S29–S38.
van der Berg S & Louw M (2004) Changing patterns of South
African income distribution: towards time series estimates of
distribution and poverty. South African Journal of Economics
72, 546–572.
Blaauw D & Penn-Kekana L (2002) Socio-economic Inequalities
and Maternal Health in South Africa. Health Systems
Development Programme, Johannesburg. Centre for Health
Policy, University of Witwatersrand.
Booysen FL (2002) Using demographic and health surveys to
measure poverty – an application to South Africa. Journal of
Studies in Economics and Econometrics 26, 53–70.
Breiman RF, Streatﬁeld PK, Phelan M et al. (2004) Effect of infant
immunisation on childhood mortality in rural Bangladesh:
analysis of health and demographic surveillance data. Lancet
364, 2204–2211.
Buor D (2003) Analysing the primacy of distance in the utilization
of health services in the Ahafo-Ano South district, Ghana.
International Journal of Health Planning and Management 18,
293–311.
Caldwell J (1979) Education as a factor in mortality decline: an
examination of Nigerian data. Population Studies 3, 395–413.
Creese AL & Henderson RH (1980) Cost-beneﬁt analysis and
immunization programmes in developing countries. Bulletin of
the World Health Organization 58, 491–497.
Cui FQ & Goﬁn R (2007) Immunization coverage and its deter-
minants in children aged 12–23 months in Gansu, China.
Vaccine 25, 664–671.
Defo BK (1996) Areal and socioeconomic differentials in infant
and child mortality in Cameroon. Social Science and Medicine
42, 399–420.
Demographic and Health Surveys (2008) Macro International
Inc, 2008. MEASURE DHS STATcompiler. http://www.
measuredhs.com. Accessed 13 October 2008.
Department of Health (1998) Standard Treatment Guideliness for
Primary Health Care. Chapter 10: Immunisation http://
www.doh.gov.za/docs/factsheets/pharma/primary/edlphc
106-123.pdf. Accessed 10 January 2009.
Department of Health (2005) Goals, Objectives and Indicators,
2001–2005. Pretoria: National Department of Health. http://
www.doh.gov.za/search/index.html. Accessed 12 March 2007.
Edwards KM (2005) Overview of pertussis: focus on epidemiol-
ogy, sources of infection, and long term protection after infant
vaccination. Pediatric Infectious Disease Journal 6(Suppl),
S104–S108.
Ekanem EE, Ochigbo SO & Kwagtsule JU (2000) Unprecedented
decline in measles morbidity and mortality in Calabar, south-
eastern Nigeria. Tropical Doctor 30, 207–209.
Eley B (2008) Immunization in patients with HIV infection: are
practical recommendations possible? Drugs 68, 1473–1481.
Ghendon YZ, Kaira AN & Elshina GA (2006) The effect of mass
inﬂuenza immunization in children on the morbidity of the
unvaccinated elderly. Epidemiology and Infection 134, 71–78.
Guerin N (1998) Assessing immunization coverage: how and why?
Vaccine 16(Suppl), S81–S83.
Gyekye A & Akinboade O (2003) A proﬁle of poverty in the
Limpopo province of South Africa. Eastern Africa Social Science
Research Review 19, 89–109.
Herbst AJ, Cooke GS, Barnighausen T et al. (2009) Adult mor-
tality and anteretroviral treatment roll-out in rural KwaZulu-
Natal, South Africa. Bulletin of World Health Organization;
doi: 10.2471/BLT.08.058982.
Hoque M, Hoque E & Kader SB (2008) Audit of antenatal care in
a rural district of KZN, South Africa. South African Family
Practice 50, 66.
Ibnouf AH, Van den Bourne HW & Maarse JA (2007) Factors
inﬂuencing immunization coverage among children under ﬁve
years of age in Khartoum state, Sudan. South African Family
Practice 49, 14.
INDEPTH NETWORK (2005) Measuring Health Equity in Small
Areas: Findings from Demographic Surveillance System. Health
inequalities in the Kassena-Nankana District in Northern
Ghana. Ashgate, England, pp. 45–65.
Joshi AR (1994) Maternal schooling and child health: preliminary
analysis of the intervening mechanisms in rural Nepal. Health
Transition Review 4, 1–28.
Tropical Medicine and International Health volume 14 no 11 pp 1383–1393 november 2009
J. Ndirangu et al. Maternal HIV status and child vaccination
ª 2009 Blackwell Publishing Ltd 1391Keogh P, Allen S, Almedal C & Temahagili B (1994) The social
impact of HIV infection on women in Kigali, Rwanda: a pro-
spective study. Social Science and Medicine 38, 1047–1053.
Langsten R & Hill K (1998) The accuracy of mothers’ reports of
child vaccination: evidence from rural Egypt. Social Science and
Medicine 46, 1205–1212.
Madise NJ & Matthews Z (1999) Heterogenity of child nutri-
tional status between households: a comparison of six Sub-
Saharan African Countries. Population Studies 53, 331–343.
Mast TC, Kigozi G, Wabwire-Mangen F et al. (2004) Measuring
quality of life among HIV-infected women using a culturally
adapted questionnaire in Rakai district, Uganda. AIDS Care 16,
81–94.
Mast TC, Kigozi G, Wabwire-Mangen F et al. (2006) Immunisa-
tion coverage among children born to HIV-infected women in
Rakai district, Uganda: effect of voluntary testing and counsel-
ling (VCT). AIDS Care 18, 755–763.
Morris S, Carletto C, Hoddinott J & Christiaensen L (2000)
Validity of rapid estimates of household wealth and income for
rural Africa. Journal of Epidemiology and Community Health
54, 381–387.
Muhwava W & Nyirenda M (2007) Demographic and Socio-Eco-
nomic Trends in the ACDIS, Monograph No 2. Africa Centre for
Health and Population Studies, Mtubatuba, South Africa.
Muller I, Smith T, Mellor S, Rare L & Genton B (1998) The effect
of distance from home on attendance at a small rural health
centre in Papua New Guinea. International Journal of Epide-
miology 27, 878–884.
Munthali AC (2007) Determinants of vaccination coverage in
Malawi. Evidence from the demographic and health surveys.
Malawi Medical Journal 19, 79–82.
Murray C & Stein L (2009) Tracking progress towards universal
childhood immunization and the impact of global initiatives: a
systematic analysis of three-dose diphtheria, tetanus, and
pertusis immunization coverage. Lancet 372, 2031–2046.
Murray C, Shengelia B, Gupta N et al. (2003) Validity of
reported vaccination coverage in 45 countries. Lancet 362,
1022–1027.
Nakiyingi JS, Bracher M, Whitworth JAG et al. (2003) Child
survival in relation to mother’s HIV infection and survival:
evidence from a Ugandan cohort study. AIDS 17, 1827–1834.
Ndiritu M, Cowgill KD, Ismail A et al. (2006) Immunization
coverage and risk factors for failure to immunize within the
Expanded Programme of Immunization in Kenya after the
introduction of Haemophilus inﬂuenza type b and hepatitis b
virus antigens. BMC Public Health 6, 132.
Newell ML, Coovadia H, Cortina-Borja M et al. (2004) Mortality
of infected and uninfected infants born to HIV-infected mothers
in Africa: a pooled analysis. Lancet 364, 1236–1243.
Nokes DJ & Swintom J (1997) Vaccination in pulses: a strategy
for global eradication of measles and polio? Trends in Micro-
biology 5, 14–19.
Reichler MR, Aslanian R, Lodhi Z et al. (1997) Evaluation of oral
poliovirus vaccine delivery during the 1994 national immuni-
zation days in Pakistan. Journal of Infectious Diseases
175(Suppl 1), S205–S209.
Reichler RM, Darwish A, Stroh G et al. (1998) Cluster survey
evaluation of coverage and risk factors for failure to be immu-
nized during the 1995 National Immunization Days in Egypt.
International Journal of Epidemiology 27, 1083–1089.
Rice BD, Batzing-Feigenbaum J, Hosegood V et al. (2007) Popu-
lation and antenatal-based HIV prevalence estimates in a high
contracepting female population in rural South Africa. BMC
Public Health 7, 160.
Sewankambo NK, Gray RH, Ahmad S et al. (2000) Mortality
associated with HIV infection in rural Rakai District, Uganda.
AIDS 14, 2391–2400.
Shisana O, Rehle T, Simbayi L et al. (2005) In: South African
National HIV Prevalence, HIV Incidence, Behaviour and
Communication Survey HSRC Press, Cape Town.
Smith IL (2002) A tutorial on Principal component analysis http://
kybele.psych.cornell.edu ⁄edelman⁄Psych-465-Spring-2003⁄
PCA-tutorial.pdf. Accessed 06 February 2008.
Streatﬁeld K, Singarimbun M & Diamond I (1990) Maternal
education and child immunization. Demography 27, 447–455.
Tanser F, Hosegood V, Benzler J & Solarsh G (2001) New
approaches to spatially analyse primary health care usage
patterns in rural South Africa. Tropical Medicine and
International Health 6, 826–838.
Tanser F, Gijsberten B & Herbst K (2006) Modelling and under-
standing primary health care accessibility and utilisation in rural
South Africa: an exploration using Geographic Information
System. Social Science and Medicine 63, 691–705.
Tanser F, Hosegood V, Barnighausen T et al. (2008) Cohort
Proﬁle: Africa Centre Demographic Information System
(ACDIS) and population-based HIV survey. International
Journal of Epidemiology 37, 956–962.
Tanser F, Ba ¨rnighausen T, Cooke GS & Newell ML (2009)
Localized spatial clustering of HIV infections in a widely dis-
seminated rural South African epidemic. International Journal
of Epidemiology 38, 1008–1016.
TarwaC&DeVilliersF(2007)TheuseoftheRoadtoHealthCard
in monitoring child health. South Africal Family Practice 49, 15.
Torun SD & Bakirci N (2006) Vaccination coverage and reasons
for non-vaccination in a district of Istanbul. BMC Public Health
6, 125.
Urassa M, Boerma JT, Isingo R et al. (2001) The impact of
HIV⁄AIDS on mortality and household mobility in rural
Tanzania. AIDS 15, 2017–2023.
Waller LA & Gotway CA (2004) Applied Spatial Statistics for
Public Health Data. Wiley-Interscience, Hoboken.
Welz T, Hosegood V, Jaffar S et al. (2007) Continued very high
prevalence of HIV infection in rural KwaZulu-Natal, South
Africa: a population-based longitudinal study. AIDS 21,
1467–1472.
Whitney CG & Pickering LK (2002) The potential of pneumo-
coccal conjugate vaccines for children. Pediatric Infectious
Disease Journal 21, 961–970.
WHO (2003) Achievements and Challenges in Routine Immuni-
zation – Eastern and Southern Africa. http://www.afro.who.int/
ddc/vpd/tﬁ2003/presentations/achievements_challenges_sa.ppt.
Accessed 24 February 2009.
Tropical Medicine and International Health volume 14 no 11 pp 1383–1393 november 2009
J. Ndirangu et al. Maternal HIV status and child vaccination
1392 ª 2009 Blackwell Publishing LtdWHO⁄AFRO (2003) Polio Eradication. http://www.afro.who.int/
polio⁄overview.html. Accessed 30 October 2008.
WHO-UNICEF (2007) Coverage estimated for 1980–2006, as
at August 2007; WHO-ICE T coverage projections for
2007–2008, as at November 2007. http://www.gavialliance.
org/resources/GAVI__s_Results_ﬁnal.pdf. Accessed 20 May
2009.
Wilkinson D, Connolly C & Rotchford K (1999) Continued
explosive rise in HIV prevalence among pregnant women in
rural South Africa. AIDS 13, 740.
Corresponding Author James Ndirangu, Africa Centre for Health and Population Studies, University of KwaZulu-Natal, PO Box
198, Mtubatuba, KwaZulu-Natal, 3935, South Africa. Tel.: +27 35 550 7500; Fax: +27 35 50 7565;
E-mail: jndirangu@africacentre.ac.za
Tropical Medicine and International Health volume 14 no 11 pp 1383–1393 november 2009
J. Ndirangu et al. Maternal HIV status and child vaccination
ª 2009 Blackwell Publishing Ltd 1393